Starting from the first principles of nonrelativistic QED we have derived the system of Maxwell-Schrödinger equations, which can be used for theoretical description of atom optical phenomena at high densities of atoms and high intensities of the laser radiation. The role of multiple atomic transitions between ground and excited states in atom optics has been investigated. Nonlinear optical properties of interacting Bose gas are studied and formula for the refractive index has been derived.
In recent years different approaches to the description of interaction of ultracold atoms in the field of optical radiation have been suggested and different aspects of the phenomenon have been considered. The properties of the laser radiation modified by atomic dipole-dipole interactions were investigated'2'4 and it was shown that they can be described by the refractive index which is governed in the linear case, when the light intensity is low enough, by the Clausius-Mossotti relation known from classical optics if quantum correlations are neglected. If the quantum statistical correlations are taken into account, the formula for the refractive index contains additional terms defined by a position dependent correlation function.'2'4 Nonlinear optical properties of noninteracting Bose gas were studied as well. '5 The modification of the properties of the laser radiation should have a back influence on the behavior of an ultracold atomic ensemble (for example, on the motion of atomic beam) . An attempt to consider this back influence was undertaken by several authors.7 '9"3,'68 In the first works on the subject the two-body interactions were modelled by the phenomenological contact potential.'6 Later on dynamical dipole-dipole interactions were taken into account within the framework of the nonrelativistic electrodynamics.7'9"3"72' However, in papers by W In the present paper we shall continue the investigations started in Refs. 19,20. Having in mind mainly atom optical applications, we shall derive the system of Maxwell-Schrödinger equations for the case of high density of the atoms and high light intensity. Nonlinear optical properties of the interacting Bose gas will be also discussed. The paper is organized in the following manner. In Sect. 2 (1) .hDe
where Hcm = -h2 V2 /(2m), L = -Wa -8 is the detuning of the frequency of the laser wave from the frequency of the atomic transition, 6 and 'y are the Lamb shift and the spontaneous emission rate of a single atom in free space, respectively. Here we have introduced the operators Heg = -dEj, and Hge = -dE which are responsible for the transitions Ig) -le) and le) -÷ Ig), respectively. Heg and fige are related to the operator of the local electric field E(r, t). The positive-frequency part of this operator has the form E(r, t) = E(r) + 2hwk (3) where Vx refers to the point r and the operator kA (O) feF(x)dx=_> ak -F(x), (5) 
If the time dependence of Hey 5 negligible and the center-of-mass motion does not give a large contribution, we have e(r t) = fteg(r) ()k 3k (r,t) . 
Substituting this relation iteratively into Eq. (7), we obtain (11) and the equation for the ground state (1) Let's consider first the special case of a low light intensity. In this case we can keep only the first term (m = 0) in Eq. (9) , which is linear with respect to the electromagnetic field strength: = _dEC(r)(F) (15) If we substitute Eq. (14) into (15) and take into account (15) , we obtain e(r, t) = -[r) (16) where the position dependent Rabi frequency 1(r) = 2dEac(r)/h is related to the macroscopic electric field and c = -d2 /hL is the atomic polarizability. Repeating the same procedure infinite number of times we come to the result + 00 n e(F,t) = 2 (ag(r,t)2) 9(r,t) .
The series in (17) Then substituting (18) in (1) (21) where a is a scattering length. The leading nonlinear terms in Eqs. (20) , (21) Higher order nonlinear terms in Eqs. (20) and (21) Thus, we see that the nonlinear terms in Eqs. (20) and (21) (24) This expression for the dielectric susceptibility x leads to the Clausius-Mossotti formula for the refractive index. As it follows from our physical interpretation of the expansion (9), the Clausius-Mossotti formula (24) 
which corresponds to the Kerr-type optical nonlinearity. Eqs. (20), (27) , (28) in z-direction, perpendicular to two laser waves counterpropagating along the y-axis with wave vectors +kL and -kL , respectively, and with Gaussian envelope. From the uncertainty relation it follows that in order to get a distinct diffraction pattern, the width of the atomic wave packet w, should be sufficiently large compared to the wave lengh of the laser radiation in a medium. In this case the atoms can be described as a homogeneous medium with constant refractive index. If the spontaneous emission does not make any contribution, the effect of the atoms on the laser beam is purely dispersive and only the wavelength will be shifted. This means that in a medium we shall have a standing wave which is formed by counter propagating laser beams with the wave vectors +flkL and -flkL , respectively. In this approximation the solution of (27) with (28) is given by I2 exp (-z2/Wfl cos2 rtkLy . (29) We assume that the longitudinal kinetic energy of the atomic beam, associated with the center-of-mass motion in z direction, is large compared to the nonlinear potential in Eq. (20) . Then the z-component of the atomic velocity will not change much and, therefore, the motion of atoms in z direction during the whole evolution can be treated classically. Only the motion in y direction should be treated quantum mechanically. In such a situation the coordinate z plays the role of time and we can change the variable t = z/v in (20) with V being the group velocity.
Raman-Nath Regime
We assume that we are in the Raman v=_-r=-&, (31) and P ki2 is the density of atoms in the ground state.
We represent i as a Gaussian wave packets with width WY = pexp (-y2/W) .
(32)
Then we substitute Eqs. (29) and (32) into Eq. (30) and take into account that the width of the atomic wave packet must be much larger than the wavelength of the laser radiation, i.e., WY >> 21r/(rikL). After integration we get the following result g(y, oo) = g (Y, -oo) ei2LY(_i)Cq, (33) q=-oo which is represented here in the form of a Fourier series expansion. We use the notations: We can look for a solution of Eq. (20) with the Rabi frequency (29) in the form g(y, z) = qoo z)ei(K0Y+2kL)Yei(K0z*t) .
(38)
We substitute (38) into (20) and neglect the second order derivatives of çbq with respect to y and z. Then for the first-order Bragg diffraction we obtain the following system of equations [ 
